Introduction Aggressive management of hepatic neuroendocrine (NE) metastases improves symptoms and prolongs survival. Because of the rarity of these tumors, however, the best method for hepatic artery embolization has not been established. We hypothesized that in patients with hepatic NE metastases, hepatic artery chemoembolization (HACE) would result in better symptom improvement and survival compared to bland embolization (HAE). Methods Retrospective review identified all patients with NE hepatic metastases managed by HACE or HAE at three institutions from January 1996 through December 2007. Results We identified 100 patients managed by HACE (n=49) or HAE (n=51) that were similar with respect to age, gender, and primary tumor type. The percentage of patients experiencing morbidity, 30-day mortality, and symptom improvement were similar between the two groups (HACE vs. HAE: 2.4% vs. 6.6%; 0.8% vs. 1.8%; and 88% vs. 83%, respectively.) No differences in the median overall survival were observed between HACE and HAE from the time of the first embolization procedure (25.5 vs. 25.7 months, p=0.79). Multivariate analysis revealed that resection of the primary tumor predicted survival (73.8 vs. 19.4 months, p<0.04). Conclusions These data suggest that morbidity, mortality, symptom improvement, and overall survival are similar in patients with hepatic neuroendocrine metastases managed by chemo-or bland hepatic artery embolization.
Introduction
Neuroendocrine (NE) tumors comprise a heterogeneous group of similarly behaving cancers that include gastrointestinal carcinoid and pancreatic islet cell tumors. Due to the indolent nature of NE tumors, patients frequently present late in the disease course once metastases have spread to regional lymph nodes, the liver, and/or bone. Accordingly, NE tumors are the second most common cause of isolated hepatic metastases after colorectal adenocarcinoma. 1 The treatment of hepatic NE metastases frequently involves a multidisciplinary approach because aggressive management has been shown to improve symptoms and prolong survival. [2] [3] [4] Medical treatments including somatostatin analogs, chemotherapy, and external beam radiation have limited effectiveness on slowing disease progression but have been shown to reduce symptoms and improve quality of life, particularly the somatostatin analogs. [5] [6] [7] More invasive treatments for patients with advanced disease include surgical resection, cryo-and radiofrequency ablation, transplantation, and various forms of hepatic arterial embolization. [8] [9] [10] Over the past several years, a number of controversies have developed over the optimal treatment for patients with this disease due, in part, to the rare nature of NE tumors and the resultant lack of level I evidence. One particular debate that has emerged is whether hepatic arterial embolization should be performed with or without localized, intra-arterial chemotherapy. Many practitioners believe that hepatic artery chemoembolization (HACE) is superior to bland embolization (HAE) in terms of symptom control and survival, but no study to date fully supports this belief. Only two reports have directly addressed this question; but both have failed to show a statistically significant difference between HACE and HAE in patients with NE hepatic metastases. [11] [12] Therefore, we designed a multi-institutional study to test the hypothesis that HACE would result in better symptom improvement and overall survival than HAE with equivalent morbidity and mortality in patients with hepatic NE metastases.
Materials and Methods

Patient Population
Retrospective review identified all patients with NE hepatic metastases treated by HACE or HAE at three institutions from January 1996 to December 2007. The participating institutions were Indiana University (IU), the University of Wisconsin (UW), and the Medical College of Wisconsin (MCW). Prospective cancer registries, interventional radiology databases, and hospital records at each organization were utilized to identify eligible patients. At all three institutions, electronic medical records, clinic charts, radiological studies, and pathology reports were reviewed to gather patient demographics, symptom reporting, tumor characteristics, and treatment information. The diagnosis of NE tumor was confirmed by pathologic review of tissue samples. Standard crosssectional imaging techniques were used to verify the presence of liver metastases. Approval for this study was obtained from the respective institutional review boards at IU, UW, and MCW.
Treatment Groups
Patients were grouped with respect to the treatment modality received: HACE or HAE. At each institution, the attending interventional radiologist selected which method of embolization to perform: HACE or HAE. Four patients who underwent both procedures during their care were excluded from the analyses. In addition, three recent patients who were treated by yttrium-90 radioembolization were excluded. The procedures were performed with particle embolization with or without iodized oil using either polyvinyl alcohol, gel foam, or embospheres (Fig. 1) . The chemotherapies administered varied among institutions and included cisplatin, adriamycin, and mitomycin C. The timing between treatments, total number of embolizations performed, and extent of each procedure was at the discretion of the attending physicians, surgeons, and interventional radiologists. Factors considered in these decisions were multiple, such as presence of symptoms, performance status, and response to prior treatments. If patients underwent two separate procedures to address bilobar metastases (i.e., one right and one left hepatic artery procedure), these procedures were classified separately in our analyses. At all three institutions, protocols in compliance with hospital and national standards of care were used to obtain informed consent and screen laboratory values and to administer post-procedure intravenous fluids, analgesics, antibiotics, steroids, and antiemetics.
Outcomes
Our primary outcome measurement was overall survival which was calculated both from the time of diagnosis of metastatic disease and the time of first hepatic artery embolization until the time of death or date of last followup. In all patients, survival and follow-up data were obtained from respective hospital records including electronic medical records, clinic notes, cancer registries, and the Social Security Death Index database.
Improvement in symptoms was a secondary outcome measure in this study. We evaluated symptoms due to systemic hormone release, locoregional invasion, and mass effect. Therefore, symptoms were considered present if the patient reported flushing, diarrhea, or abdominal pain. Patients who reported complete alleviation or significant sustained relief of their symptoms were regarded as improved.
In addition, we analyzed procedure-related morbidity and mortality as secondary outcome measurements. Any complication that occurred during or within 30 days following an embolization procedure was considered morbidity. Patients who experienced "post-embolization syndrome" were not included in the morbidity analysis as symptoms were mild, common, and difficult to quantify retrospectively. Similarly, mortality was defined as a death by any cause within 30 days of an embolization.
Statistical Analysis
Groups were compared by Fisher's exact or χ 2 analysis where appropriate. Statistical significance was reached at p <0.05. Statistical Package for Social Sciences (SPSS) software version 11.0 (SPSS Inc., Chicago, IL, USA) was used to analyze the survival data by the Kaplan-Meier actuarial method with statistical significance ascertained by log-rank analysis as well as to perform univariate and multivariate analyses.
Results
Demographics
One hundred patients (43 females and 57 males) with hepatic NE metastases managed by either HACE or HAE were identified at IU, UW, and MCW (Table 1) . Mean age was 56 years (age range, 26-82 years). No significant differences in age or gender were found between the HACE and HAE treatment groups. The primary tumor type was carcinoid in 56 patients and islet cell in 44 patients. The two treatment groups, HACE and HAE, were similar with respect to the primary tumor type (% carcinoid 63 vs. 55, respectively) and location (% small bowel 61 and 51, respectively).
We also found no differences between the groups with respect to tumor burden within the liver (% bilobar involvement for HACE vs. HAE, 90 vs. 94, respectively) or the disease presentation (% synchronous 80 vs. 78, respectively; Table 1 ). The size of the largest metastatic lesion was also comparable between the HACE and HAE groups [mean ± standard error of the mean (SEM), 5.1±0.5 and 6.1±0.7, respectively]. With respect to number of hepatic metastases, we limited the total to a maximum of eight lesions to improve reporting accuracy in those patients with "innumerable" metastases. The percentage of patients with eight or greater lesions in the HACE and HAE groups was 63 and 53, respectively (p=0.43). The mean number of metastatic liver lesions was similar between the HACE and HAE groups (mean ± SEM, 6.7±0.3 and 6.4±0.3, respectively).
Treatments
The 49 patients in the HACE group underwent a total of 123 chemoembolization procedures (mean ± SEM, 2.9± 0.3; Table 1 ). Compared to the 51 patients in the HAE group who underwent 106 bland embolizations (mean ± SEM, 2.1±0.1), the HACE group was treated with a statistically significant greater number of embolization procedures (p<0.02). While the percentage of patients who underwent surgical resection of their primary tumor was similar between the two groups (HACE vs. HAE, 67 and 49, respectively, p=0.07), the HACE group was more likely to undergo resection and/or ablation of their hepatic metastases (HACE vs. HAE, 41% and 4%, respectively, p<0.0001). In addition, the HACE group, when compared to the HAE group, was less likely to receive additional therapies, such as chemotherapy or octreotide (14% vs. 61%, p<0.0001 and 45% vs. 66%, p=0.052, respectively). The finding that patients in the HACE group underwent a greater number of surgical procedures addressing their hepatic metastases, but the fact that they received fewer chemotherapy or octreotide treatments, probably reflects differences in treatment algorithms among the three institutions (see Table 2 ).
Because of the varying treatment philosophies for patients with significant hepatic NE metastases among the three participating hospitals, we analyzed the results by institution. Table 2 shows the differences in therapies at MCW, UW, and IU where patients are treated largely by HACE ± liver resection and/or ablation, HAE ± chemotherapy, and HAE alone, respectively. Therefore, patients at MCW were treated more aggressively with respect to their hepatic NE metastases. These patients were more likely to undergo potentially curative liver resection and/or ablation in addition to HACE and less likely to receive chemotherapy or octreotide in an attempt to slow tumor progression. At both UW and IU, patients were treated with HAE primarily for palliation of symptoms as opposed to tumor progression. Figure 2 depicts the Kaplan-Meier curve for overall survival from the time of metastases diagnosis and reveals no differences among the institutions involved in this study (p=0.23). 
Morbidity and Mortality
The morbidity and mortality between the two treatment groups were comparable (Table 3 ). In the HACE group, three complications occurred after 123 chemoembolization procedures (2.4%): a groin hematoma, acute renal failure, and a biloma. Seven patients in the HAE group experienced complications after 106 bland embolizations (6.6% per procedure, p=0.19 compared to HACE). These complications included three liver abscesses, two patients with ileus, one groin hematoma, and one patient with hypotension. One patient in the HACE group and two patients in the HAE group died within 30 days of a procedure (0.8% vs. 1.8%, respectively, p=0.60). The patient in the HACE group had widespread metastatic disease, and her death was not thought to be directly related to the procedure. One of the patients in the HAE group died within 30 days after choosing to go on hospice care. The other patient in the HAE group developed liver failure (thought to be secondary to tumor burden), pneumonia, and acute lung injury after his embolization and was unable to be resuscitated when he went into a dysrhythmia.
Symptom Control
The HACE and HAE groups were similar with respect to both the presence of symptoms and improvement of symptoms after embolization (Table 3) . Of the 49 patients in the HACE group and the 51 patients in the HAE group, 37 and 35 patients in each group, respectively, had tumorrelated symptoms (76% and 69%, respectively, p=NS). Eighty-six percent of patients in the HACE group (32/37) improved after therapy compared to 83% of HAE patients (29/35, p=NS).
Survival
Median survival for the entire cohort was 32.4 months (range 1.3-177). Overall survival from the time of diagnosis of hepatic NE metastases was not statistically significantly different in the HACE group compared to the HAE group (Table 3 , Fig. 3a) . The median survival calculated from the time of metastasis diagnosis was slightly longer in the HACE group at 50.1 compared to 39.1 months for the HAE group, but this difference was not statistically different (p=0.62). The probability of 1-, 2-, and 5-year survival for HACE patients from the time of diagnosis of metastases was 78%, 69%, and 45%, respectively, while HAE patients' survival was 82%, 71%, and 33%. When analyzed from the time of first embolization procedure, the overall survival for the two treatment groups was also similar ( Table 3 , Fig. 3b ). The median survival for the HACE and HAE groups from first embolization was 25.5 and 25.7 months, respectively (p=0.79). The HACE and HAE groups had 1-, 2-, and 5-year survival probabil- Table 4 ). The cumulative overall survival rates at 1, 2, and 5 years were 89%, 80%, and 55% for patients whose primary tumor was resected as opposed to 67%, 53%, and 16% for patients who did not undergo surgery. Figure 4 depicts the Kaplan-Meier curve for overall survival plotted as a function of primary tumor resection. Additional factors that were examined for predictive effects on overall survival but were not significant included age, gender, tumor type (carcinoid vs. islet cell), disease presentation (synchronous vs. metachronous), extent of liver involvement (unilobar vs. bilobar), resection and/or ablation of liver metastases, octreotide, chemotherapy, and embolization type (HACE vs. HAE; Table 4 ). Only resection or ablation of liver metastases (p= 0.11) trended toward significance and was included in a multivariate analysis. Resection of the primary tumor was not predictive of poor survival in the multivariate model (p=0.08).
Discussion
As a result of the rarity and often unpredictable biologic behavior of NE tumors with hepatic metastases, the appropriate treatment algorithm for these patients has yet to be defined. The majority of patients with this disease undergo a wide variety of treatments ranging from somatostatin analogs to hepatic artery embolization to liver transplantation. In this series, we reviewed 100 patients from three institutions with hepatic NE metastases who were similar with respect to age, gender, primary tumor type, and extent of hepatic tumor burden (Table 1) . We compared these patients based on the type of hepatic artery embolization procedure they received: chemoembolization-HACE (n=49) or bland embolization-HAE (n=51). The morbidity and 30-day mortality were similar between the two groups (Table 3) . We observed no differences in the rate of symptoms at presentation or symptom relief after either procedure (Table 3) . Overall survival from the time Figure 4 Overall survival in patients who underwent resection of their primary tumor (solid line) was significantly longer compared to those whose primary tumors remained intact (dotted line) (median survival 73.1 vs. 28.0 months, respectively, p=0.0002). Survival was calculated from the time of diagnosis of metastatic disease. of diagnosis of hepatic metastases and the time of first embolization procedure was also comparable between HACE and HAE (Table 3 , Fig. 3A and B) . The only factor found to be predictive of survival for all patients in a univariate analysis was resection of the primary tumor (p= 0.002, Table 4 , Fig. 4 ). However, in multivariate analysis that included those factors with a p≤0.15 (resection and/or ablation of hepatic metastases and resection of the primary tumor), resection of the primary tumor was no longer an independent predictor of a better prognosis (p=0.08).
Further analysis of the patients revealed that differences in treatment philosophies of patients with NE hepatic metastases exist among the institutions involved; however, despite these differences, overall survival was similar at all three institutions ( Table 2 , Fig. 2 ). Treatment of hepatic NE metastases with bland HAE has been reported since the early to mid-1980s in multiple case series. [13] [14] [15] [16] However, the last 25 years has seen tremendous improvements in techniques, technologies, and aggressiveness of treatment strategies in this patient population. More recent studies examining the efficacy of HAE alone report morbidity (major complications) in the range of 0% to 17% and mortality ranging from 0% to 6%. [17] [18] [19] [20] [21] [22] [23] Our results of 6% morbidity and 1.8% 30-day mortality after HAE are consistent with these previous reports. Some of these same analyses also revealed symptomatic improvement after HAE ranging from 64% to 91%, which is consistent with the 83% observed in this study. 3, [20] [21] [22] Likewise, for patients receiving HAE, we found the median overall survival from the time of first embolization procedure (25.7 months) to be similar to that reported in the literature (range 20-80 months). 3, 17, 19, 21, 22 Studies examining the effectiveness and safety of adding intra-arterial chemotherapy to hepatic artery embolization began to appear in the literature about 10 years later in the early 1990s. [24] [25] [26] The morbidity, mortality, symptomatic control, and survival with HACE were similar to HAE in these reports; but, until recently, the largest case series was a single institution report of 23 patients. 24, 27, 28 In 2003, Gupta et al., then, reported 81 patients who underwent either HAE or HACE demonstrating a 63% reduction in tumor-related symptoms and 31-month median overall survival from the time of first embolization procedure. However, in this report, the two treatment types were examined together. 29 More recently, Ho et al. described a cohort of 46 patients who underwent primarily HACE (93% of procedures) of whom 78% had improved symptoms and median survival was 32 months. 30 The morbidity and mortality reported in this cohort were 9.7% and 4.3%, respectively. 30 In the current study, we found a 25.5-month median overall survival for patients treated by HACE, which is slightly shorter but still comparable to these previous reports. Similarly, our 2.4% morbidity and 0.8% 30-day mortality rates per procedure after HACE are somewhat improved over these same studies.
Most recently, two larger series have been reported that directly compare HACE and HAE. 11, 12 The largest of these studies from Gupta et al. examined 69 patients with carcinoids and 54 patients with islet cell tumors who were examined separately because the overall survival for patients with carcinoids was significantly longer (33.8 vs. 23.2 months, p=0.012).
11 Whether or not these heterogeneous NE tumors should be considered as a single cohort or separately is unclear. Other studies have shown differences in survival between carcinoid and islet cell tumors similar to Gupta et al., all of which reveal a more favorable prognosis for patients with carcinoids.
12, 17, 31-34 However, our analyses and others have found no significant differences in overall survival for these two types of NE tumors (carcinoid vs. islet cell: 45.0 vs. 32.0 months, p=0.83, Fig. 5 ).
2, 30 Consequently, we chose to analyze carcinoids and islet cell tumors together.
The literature comparing HACE to HAE shows similar toxicity profiles, morbidity, and mortality for these two procedures.
11, 12 The results we reported here confirm these findings of previous authors. Ruutiainen et al. also described similar rates of symptom improvement after HACE and HAE, 92% vs. 93%, respectively, which is comparable to our data (Table 3) . 12 The only two other series that have examined overall survival comparing HACE to HAE in patients with hepatic NE metastases (including carcinoid and islet cell tumors) both reported prolonged overall survival for patients treated with HACE (31.5 and 44 months) compared to those treated with HAE (18.2 and 39 months). 11, 12 However, these differences did not reach statistical significance in either study due, in part, to the small number of patients. In our cohort, the median survival from first embolization was nearly identical for patients treated by HACE and HAE (25.5 vs. 25.7 months, p=0.79, Fig. 3b ). These results taken together suggest that the addition of intra-arterial chemotherapy to embolization does not provide a survival benefit over bland HAE. On the other hand, HACE does not confer increased risks to the patient since morbidity and mortality are comparable to HAE, and HACE offers equal expectations of symptom control.
The efficacy of systemic chemotherapy, including streptozotocin, fluorouracil, doxorubicin, irinotecan, interferon-α, oxaliplatin, capcitabine, and others, has been extensively examined in patients with hepatic NE metastases. Both single and multi-agent regimens have limited effectiveness in patients with unresectable disease due to poor response rates coupled with significant toxicity. 35 Reported median overall survival for patients with metastatic NE tumors treated with chemotherapy ranges from 15 to 23 months. 36, 37 Longer median overall survivals of up to 40 months in a subset patients with well-differentiated NE tumors or up to 37 months in patients with pancreatic islet cell tumors also have been reported. 38, 39 In addition, newer agents, including anti-angiogenic drugs such as vascular endothelial growth factor monoclonal antibodies, tyrosine kinase inhibitors, epidermal growth factor receptor inhibitors, and mammalian target of rapamycin inhibitors are currently under investigation and show promising initial results especially in patients with islet cell tumors. [40] [41] [42] In 1994, Moertel et al. demonstrated that the addition of systemic chemotherapy in patients undergoing HAE improved the rate and duration of tumor response. 31 Therefore, some authors have supported a theoretical advantage of HACE in patients with islet cell tumors, which tend to respond better to systemic chemotherapy. 11 In the current study, we found no differences in survival in patients who received systemic chemotherapy in addition to either type of embolization procedure compared to patients who did not undergo chemotherapy, even when carcinoid and islet cell tumors were analyzed separately (carcinoid only: 57.8 vs. 41.1 months, respectively, p=0.84; islet cell only: 28.0 vs. 50.1 months, respectively, p=0.62). However, the administration of systemic chemotherapy was not standardized in this study. Furthermore, when islet cell tumors were analyzed alone, no significant differences in overall survival were found between patients treated with HACE and HAE, though HACE-treated patients did tend to live longer (50.1 vs. 27.1 months, respectively, p=0.45).
While either method of embolic therapy appears to provide a survival benefit over no treatment or systemic chemotherapy alone, surgical resection of the primary and any associated metastatic disease, even if incomplete, remains the recommended approach. Our study found that resection of the primary tumor significantly prolonged survival, 73.1 vs. 28.0 months (p = 0.0002; Table 4 , Fig. 4 ). Other studies also have revealed that primary tumor resection is a favorable prognostic variable; 11, 43 however, the predictive value of primary tumor resection on survival may reflect a selection bias towards healthier patients that are able to undergo surgery. Correspondingly, several authors have shown that surgical debulking or cytoreduction with either hepatic resection or ablation results in improved symptom control and survival when compared to embolization alone. [2] [3] [4] 22 While our data were not statistically significant, resection or ablation of the hepatic metastases did provide a survival advantage over no surgical debulking (65.6 vs. 36.5 months, respectively, p=0.11). Despite a greater number of liver resections and/or ablations in the HACE group (Table 1) , we found no significant survival benefit in these patients. Studies comparing curative and palliative resection of hepatic NE metastases show a clear survival benefit when curative resection is achieved (85% vs. 63% 5-year survival in one study). 4 Analyses that have not distinguished the curative intent of the liver resection still report 5-year survivals of at least 70%. 2, 4, 22 Meanwhile, reports of HACE and cytoreduction used in combination reveal 5-year survivals in the range of 40% to 50%. 2, 4 Theses rates are better than what we observed with a 19% 5-year survival in patients undergoing HACE; however, only 41% of these patients underwent hepatic resection and/or ablation in addition to HACE (Table 1 ). In addition, survival was calculated from the time of first embolization procedure and not the time of hepatic resection as in the other studies. Therefore, we continue to recommend an aggressive treatment strategy with resection of the primary tumor and surgical debulking of hepatic NE metastases when possible, combined with either HAE or HACE. 2, 22, 44 Our study has several limitations including nonrandomized retrospective design, inherent selection bias, changes in technology over the 11-year study period, and lack of standardized treatment protocols at the three institutions. Additionally, reporting of symptoms and symptom improvement were subjective and not collected with a validated assessment tool. Biochemical markers were also not routinely measured and, therefore, could not be analyzed as part of this study. Because whole-body octreotide or bone scans were not performed on all patients, we were unable to collect reliable data with respect to the presence of extrahepatic metastases; therefore, we did not analyze whether the presence of extrahepatic disease influenced survival. In addition, the quality, availability, and reporting of CT scans precluded our ability to stratify patients accurately with respect to the percentage of liver involvement. The presence of extrahepatic metastases and greater than 50% liver involvement are both factors that have been shown to predict survival in other studies. 2, 11 The addition of HACE to HAE in patients with hepatic NE metastases did not prolong survival or improve symptoms. However, the morbidity and mortality associated with HACE were similar to HAE and did not pose additional risks to the patient. As with any rare disease, the design of a prospective, randomized trial examining these therapies will be difficult but should be undertaken. Our results support resection of the primary carcinoid or islet cell tumor, when possible, even in the presence of metastatic disease. In conclusion, we continue to support an aggressive approach in patients with NE hepatic metastases including HACE or HAE in addition to surgical resection and somatostatin analogs.
